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Outline
• Flow Cytometry
• Challenges of flow cytometry data reuse
• Flow cytometry data standards effort

– Data files
– Metadata files
– Ontology

• Community development of data management 
architectures
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8 Key Points of Flow Cytometry
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Typical high throughput flow cytometric analyses 
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Data deluge:
31 patients x 10 staining panels x 15 weekly visits= ~ 5,000 samples 

x 121 populations = ~46,000 cell populations
x 250,000 cells = 1x109 individually analyzed cells

Flow Challenges Data Metadata        Ontology             Data management



Data Management Challenges

• Increasing data throughput
– 1,000 samples * 6 parameters / day

• Data (information) processing has to increase
– Slow, error prone, subjective

• Lack of consensus regarding critical meta 
data

• Limited availability of metadata 
– poorly structured, non-standardized formats
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Flow Cytometry Data Standards
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MIFlowCyt

• Minimum Information about a Flow 
Cytometry Experiment

• Outlines in detail the content, but not the 
format for experimental descriptions

1. Experiment Overview
2. Flow Sample Description
3. Instrument Details
4. Data Analysis
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A New Flow Cytometry (File) Standard (FCS)

• FCS3
– Stores fluorescence values from cytometer (data) and 

information about the sample (metadata)
– Binary data format developed before the Internet existed

BUT…

– Metadata (data about data) poorly structured, may be 
provided after FCS file written

• ACS (aka FCS4) 
– New raw data standard (separate data and metadata)
– Solicited by ISAC and now submitted for review

Flow Challenges Data Metadata        Ontology             Data management



Where does all the metadata go?
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• Data and metadata 
should be separate

• Other files linked to 
the FCS file through 
RDF and LSID

• These can be 
bundled together to 
simplify data 
exchange (.tar files)
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Data Analysis Files
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Gating-ML proposal

• Why do we need a gating standard?
– To be able to exchange gates among different 

software applications (e.g., FACSDiva, 
FlowJo, FCS Express, …)

Standard proposal includes
– Formal XML syntax definition 
– Documentation
– Developers guide
– Set of examples

•
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Gating-ML proposal

• Supported gate types
– Polygon gates 

• 2 parameters
– Rectangular gates 

• n parameters
– Polytope gate 

• n parameters
– Ellipsoid gates 

• n parameters
– Decision trees
– Boolean collections

• Under review 
– ISAC, FlowJo, FCS Express, flowCore (R package), etc.
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RDF – Resource Description Framework
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Flow Cytometry Ontology
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Ontology for Biomedical Investigations
(OBI)

• International collaboration developing 
unambiguous description of how 
experiments are performed

• Consistent annotation empowering 
powerful queries and data integration

• http://obi.sf.net
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OBI
• Set of universal terms

– Investigation (organization, design)
– Material (biological and chemical manipulations)
– Protocols and instruments
– Data generated and analyses performed

• Sets of domain-specific terms
– biological and technological

• Part of the Open Biomedical Ontology (OBO)
– Interoperable with OBO Foundry ontologies

• Unit, Quality (PATO), Environment and Chemical 
(ChEBI) ontologies
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OBI – Heterogeneity (for Good, not Evil) 
• Diverse community of participants

– OMICS standardization effort
• MGED, PSI, MSI, etc. (18 groups) 

– People running public repositories
• Software engineers, modellers, biologists, data-miners

– Vendors and manufacturers

• Different maturity stages
– Some wish to refactor (e.g., MGED Ontology)
– Some starting now (e.g., MSI)

• Different uses
– Data entry and annotation
– Text-mining
– Building knowledge bases
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OBI – Main activities and timeline
• Now: Development grouped into branches

– Communities provided terms to OBI branches
• Instrument, BioMaterial, Protocol Application, Data Transformation, etc.

– Presently sorting terms 
• Other branches or OBO ontologies

– Normalizing terms, adding metadata tags 
• e.g., definition and source

– Binning terms into the relevant top level classes

• July: Finalize the first draft of OBI Core
– July 9-13, Bethesda: 4th Face-2-face workshop
– Review branches and merge into core

• October: First draft of OBI Core to communities for testing
• Later: Iterate

– Recruit new communities
– New terms from existing communities

Flow Challenges Data Metadata        Ontology Data management


